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1. 

AUTOMATIC GUARD PERIOD ADJUSTMENT 
INA BASE STATION FOR TIME DIVISION 
DUPLEXED WIRELESS COMMUNICATIONS 

This application is a continuation of U.S. application Ser. 
No. 13/816,378, filed 11 Feb. 2013, which is the National 
Phase Application of International Application No. PCT/ 
CN2010/001416, filed 16 Sep. 2010, which claims the benefit 
of International Application No. PCT/CN2010/001226, filed 
13 Aug. 2010, the disclosures of all of which are incorporated 
herein by reference in their entirety. 

TECHNICAL FIELD 

The present invention relates to a method for adjusting a 
guard period in a base station for a cellular wireless commu 
nication system. The invention also relates to a method for 
operating a network management entity, to a base station for 
a cellular wireless communication system, to a network man 
agement entity, and to a computer program product. 

BACKGROUND 

Time division duplex (TDD) wireless networks, such as 
Long Term Evolution TDD networks (LTETDD), use a guard 
period (GP) between downlink (DL) and uplink (UL) trans 
mission periods. In LTE, transmissions are Subdivided into 
radio frames (10 ms) and subframes (1 ms). In TDD mode, 
Subframes are dedicated to UL transmission, to DL transmis 
sion or a subframe is used to transit from DL to UL. In the 
latter case, the subframe is called special subframe and it 
starts with a part for downlink transmission, called DwPTS 
(Downlink Pilot Time Slot). DwPTS is followed by the guard 
period, which is followed by a part for uplink transmission, 
called UpPTS (Uplink Pilot Time Slot). In the following, DL 
transmission periods, i.e., DL subframes and DwpTS, are 
simply called DL frames and UL transmission periods, i.e., 
UL subframes and UpPTS, are simply called UL frames. In a 
cellular system, the downlink refers to a communication from 
a base station (also referred to as eNB) of a cell to user 
equipment (UE), e.g. a mobile terminal; whereas the uplink 
refers to a communication from the user equipment to the 
base station. 

In TDD, a base station of one cell in a cellular wireless 
communication system potentially interferes with a base sta 
tion of another cell. For example, the signal transmitted by a 
base station of one cell during a downlink frame may interfere 
with a signal received at another base station of a neighboring 
cell during an uplink frame. This type of interference is also 
known as inter base station interference (eNB-eNB interfer 
ence). In order to mitigate inter base station interference TDD 
networks are usually synchronized, so that DL transmissions 
and UL transmissions in different cells occurat the same time. 
However, due to the propagation delay of the transmission 
from one base station to another inter base station interfer 
ence may even occur in Synchronized networks during the 
uplink frame following the downlink frame during which the 
transmission took place. 

The guard period between downlink and uplink needs to be 
large enough to avoid interference of neighboring base sta 
tions during the uplink frame. However, the guard period 
takes away resources for the transmission of payload data, i.e. 
the time resource. Therefore, a guard period which is as short 
as possible would improve the efficient usage of the time 
resource. In general, a minimum length of a guard period 
would improve performance of the wireless system. 
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2 
Let us assume that a base station sends data during the 

entire downlink frame. Then, to be able to receive all data 
transmitted during the downlink frame, the user equipment 
served by the base station needs to account for the propaga 
tion delay from the base station to the user equipment, i.e. the 
user equipment needs to stay in receive mode after the end 
time of the downlink frame has been reached for a further time 
period covering at least the propagation delay from the base 
station to the user equipment. 

This propagation delay from the base station to the user 
equipment is denoted by T.N.''. The user equipment 
also requires a certain Switchingtime T, to switch from 
a receive mode to a transmit mode. Assuming that the channel 
is reciprocal, the propagation delay for transmissions from 
the user equipment to the base station will also be 
T^*'. To be able to receive by the user equipment all 
data transmitted in the downlink frame and by taking into 
account the effect of switching time at the user equipment and 
the propagation delay of transmissions between the UE and 
the base station the guard period between downlink and 
uplink must have the minimum duration of 

eNB-UET s wife GP E aira foro (1) 

A guard period between downlink frames and uplink 
frames at a base station which is determined according to 
equation (1) does not take the effect of interference between 
neighboring base stations into account. This kind of interfer 
ence can be severe since the base station transmit power is 
usually high and base station to base station (eNB-eNB) radio 
channels might have good propagation conditions due to 
large antenna gains and possible line-of-sight conditions 
resulting, for example, from above roof-top deployment of 
base stations. Thus, the uplink frame may strongly be affected 
by this kind of interference which may significantly reduce 
the system's performance. 

Besides accounting for the propagation delays and Switch 
ing times, it would be desirable that the guard periods also 
helps to avoid occurrence of inter base station interference in 
the uplink frame at the base station. Direct inter base station 
interference (eNB-eNB interference) could only be mitigated 
entirely if the guard period would cover the inter base station 
signal propagation delay from the most distant base station of 
the network. Such a large guard period however would 
degrade the system's performance. 
A typical way to determine aguard period between a down 

link frame and an uplink frame in a TDD cellular wireless 
communication system is to rely on experience of system 
designers. The system designer uses his experience to con 
figure the guard period manually. By manual configuration of 
the guard period it cannot be guaranteed that the selected 
guard period is optimal. Furthermore, when interference situ 
ations and/or cell coverage are changed, a reconfigurations of 
the guard period may be needed which cost extra effort and 
time of the system designer. 

SUMMARY 

Consequently, the invention focuses on the problem of how 
to obtain an optimal guard period. Advantageously, guard 
periods are configured in an automatic, self-optimized way, 
Such that the usage of experience and manual configuration 
by a system designer is not required anymore. 

Furthermore, instead of setting a guard period in a similar 
way in the entire network, the system's performance can, 
according to the invention, be further improved by adjusting 
the guard period in an optimal way at each base station sepa 
rately. I. e. every base station in a network is allowed to 
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configure its own guard period. Such a feature has a particular 
impact for heterogeneous networks, e.g. networks in which 
base stations transmit with different transmit powers, serve 
different cell sizes, and/or show different antenna configura 
tions. Thus the invention further focuses on how an optimal 
guard period can be obtained individually at each of the base 
stations of a network. 

According to one aspect of the invention a method for 
adjusting a guard period in a base station for a cellular wire 
less communication system is provided. The base station is 
adapted to communicate in a frame structure comprising a 
downlink frame followed by the guard period followed by an 
uplink frame. The method comprises the following steps: 
measuring interference in dependence on time from at least 
one interfering base station; and adjusting an uplink frame 
start time within the frame structure in dependence on the 
measured interference. 
The steps of the method for adjusting a guard period in a 

base station are performed at the base station. The downlink 
frame and the uplink frame within the frame structure are 
separated by the guard period. The boundary between the 
guard period and the uplink frame is defined by the uplink 
frame start time. By adjusting the uplink frame start time, the 
guard period is also adjusted. 

Preferably, the interference is measured for each interfer 
ing base station individually. Once the guard period within 
the frame structure is adjusted, Subsequent communications 
shall be based on the adjusted frame structure. An adjustment 
of the guard period/frame structure causes at least one Subse 
quent frame to be transmitted in accordance with the adjusted 
frame structure. 
The boundary between the downlink frame and the guard 

period may be defined by a downlink frame end time. By 
adjusting the downlink frame end time and/or the uplink 
frame start time the guard period within the frame structure 
can be adjusted. Generally, the position of the guard period 
within the frame structure and the duration of the guard period 
can be adjusted by adjusting the end time of the downlink 
frame and/or the start time of the uplink frame. Generally, 
each base station in a network can set its guard period differ 
ently and individually. 

According to one aspect of the invention, a method for 
operating a network management entity and for adjusting 
guard periods individually for a number of base stations in a 
cellular wireless communication system is provided. The 
method comprises the step: coordinating for the number of 
base stations the execution of the method for adjusting a 
guard period in a base station as described above. 

According to one aspect of the invention, a base station for 
a cellular wireless communication system is provided. The 
base station is adapted to adjust a guard period at the base 
station and to communicate in a frame structure comprising a 
downlink frame followed by the guard period followed by an 
uplink frame. The base station comprises: measuring equip 
ment for measuring interference independence on time from 
at least one interfering base station; and an adjuster for adjust 
ing an uplink frame start time independence on the measured 
interference. 

According to one aspect of the invention, a network man 
agement entity for a cellular wireless communication system 
is provided. The network management entity is adapted to 
manage an individual adjustment of guard periods for a num 
ber of base stations in the cellular wireless communication 
system. The network management entity comprises: a coor 
dinator for coordinating for the number of base stations the 
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4 
execution of the method for adjusting a guard period in a base 
station for the cellular wireless communication as discussed 
above. 

According to one aspect of the invention, a computer pro 
gram product comprising Software code portions for perform 
ing the steps of one of the methods, when the product is run on 
a processor. 

Further embodiments of the invention are further defined in 
the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a frame structure at a base station and a user 
terminal in a TDD wireless communication system with 
respect to a time line. 

FIG.2 shows an interference situation in a cellular wireless 
communication system. 

FIG. 3 shows an interference situation with regard to the 
respective frames at the base station side. 

FIG. 4 shows received signal strength as a function of time 
during a measurement period. 

FIG. 5 shows base station (eNB) interference as a function 
of time. 

FIG. 6 shows special subframe configurations in LTE 
TDD. 

FIG. 7 shows an interference situation with respect to the 
special subframe. 

FIG. 8 shows a flow chart of a method according to one 
embodiment. 

FIG. 9 shows a flow chart of a method according to one 
embodiment. 

FIG.10 shows a base station according to one embodiment. 

DETAILED DESCRIPTION 

In the following, preferred embodiments of the invention 
will be described with reference to the figures. It is noted that 
the following description contains examples that serve to 
better understand the claimed concepts, but should not be 
construed as limiting the claimed invention. 

FIG. 1 depicts a frame structure for a TDD cellular system 
from a perspective of a base station BS and also of user 
equipment UE with respect to a time line 5. The frame struc 
ture 1 comprises a downlink frame 2, a guard period 3 and an 
uplink frame 4, which are separated by boundaries. During 
the downlink frame 2, the base station BSX transmits data to 
the user equipment UEX. During the uplink frame 4 the base 
station BSX receives data from the user equipment UEX. 
During the guard period 3 the base station BSX does neither 
transmit data to the user equipment UEX nor receive data 
from the user equipment UEX. 
The user equipment UEX receives the data transmitted in 

the downlink frame 2 during a received downlink frame 6. 
Due to a propagation delay caused by the wireless channel 
between the base station and the user equipment UEX, the 
received downlink frame 6 shows, with regard to the time line 
5, changed boundaries compared to the boundaries of the 
downlink frame 6. During a switching period 7, the user 
equipment UEX Switches from a receiving mode to a trans 
mitting mode. During a Subsequent user equipment uplink 
frame 8, the user equipment transmits data to the base station. 
The data transmitted during the user equipment uplink 

frame 8 is received at the base station BSX during the uplink 
frame 4. Due to a propagation delay between the user equip 
ment UEX and the base station BSX, the boundaries of the 
uplink frame 4 are altered compared to the boundaries of the 
user equipment uplink frame 8. 
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To enable that the user equipment UEX receives all the data 
transmitted from the base station BSX during downlink frame 
2 and by taking into account that the user equipment requires 
Switching time to Switch from receive to transmit mode and 
that there is a propagation delay between the base station BSX 
and the user equipment UEX, the minimum duration of the 
guard period 3 between the downlink frame 2 and the uplink 
frame 4 is determined by adding the Switching duration, the 
propagation delay from the base station to the user equip 
ment, and the propagation delay between the user equipment 
and the base station. 
The propagation delay is usually determined on the basis of 

the maximum cell size Supported by a cellular network. A 
certain margin can be added to the determined guard period to 
account for special effects such as handover or user equip 
ment being in a handover region of a cell. 

FIG. 2 shows an interference situation in an exemplary 
cellular wireless communication system having three cells. 
Each cell is served by one of the base stations BS1, BS2, and 
BS3. User equipment UE1 is served by base station BS1, and 
user equipment UE2 is served by base station BS2. All base 
stations BS1, BS2 and BS3 use the frame structure as dis 
cussed above with respect to FIG. 1. The frame structure 
comprises a downlink frame, a guard period and an uplink 
frame. The start time of the frame structure is identical for 
every base station BS1, BS2 and BS3. 

During the downlink frame, base station BS1 transmits a 
signal 12 to user equipment UE1, BS2 transmits a signal 14 to 
the user equipment UE2 and BS3 transmits a signal 15 to the 
user equipment in its cell. Signal 14 of base station BS2 and 
signal 15 of base station BS3 cause also interference at base 
station BS1. Due to propagation delay, the interference 
occurs in the guard period and in the uplink frame of base 
station BS1 following the downlink frame, in which signals 
12, 14 and 15 have been transmitted. This kind of interference 
can be severe since the transmit power of base stations is 
usually high compared to the transmit power of the user 
equipment. Furthermore, radio channels between a first and a 
second base station might have good propagation conditions 
due to large antenna gains and line-of-sight situations which 
result from above roof-top deployment. Furthermore, a signal 
13, which represents uplink transmissions from user equip 
ment UE2 to base station BS2, can also cause interference at 
base station BS1. 

While the interference during the guard period does not 
reduce the system performance, the interference in the uplink 
frame may significantly decrease the quality of the signals 
received in the uplink frame of the base station. According to 
the invention, the duration of the guard period between the 
downlink frame and the uplink frame is set to limit the effect 
of interference in the uplink frame. The guard period can be 
changed by changing the boundary between the downlink 
frame and the guard period and/or by changing the boundary 
between the guard period and the uplink frame. 
An optimal guard period duration depends on the network 

deployment comprising at least one of a distance between a 
first and a second base station, site selection, antenna down 
tilt, transmit power and system load and also on the level of 
acceptable base station to base station interference. The 
propagation delay between a first and a second base station is 
denoted by T^*Y". The guard period duration to 
remove the influence of the interference from the second base 
station at the first base station is thus 

GP2 TeVB-eNB". foref (2) 

In addition, the user equipment UE2 that belongs to base 
station BS2 causes interference at the base station BS1. As 
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6 
user equipment UE2 will transmit during its uplink frame it 
will cause interference at BS1 during the guard period and/or 
uplink frame of base station BS1. 

FIG.3 shows the interference situation depicted in FIG. 2 
with respect to certain frames received at the base station 
BS1. The frame structure at BS1 comprises the downlink 
frame 2, the guard period 3 and the uplink frame 4, which is 
depicted with regard to the time line 30. The downlink frames 
of base stations BS2 and BS3 have the same time alignment as 
the base station BS1. Due to propagation delay, the interfering 
downlink frame 34 transmitted by base station BS2 interferes 
with the frame structure of BS1 as shown. Also the interfering 
downlink frame 33 of base station BS3 and the interfering 
uplink frame 32 of user equipment UE2 are depicted. The 
received uplink frame 31 of UE1 coincides with the uplink 
frame of BS1. 

FIG. 4 shows received signal strength as a function of time 
during a measurement period which covers the guard period 
and the uplink frame at a base station that suffers from inter 
ference. The curve 41 gives a received signal strength result 
ing from interference from other base stations, e.g. from the 
frames 33 and 34 in FIG. 3. The curve 42 gives the signal 
strength of received uplink frames, e.g. frames 31 and 32 in 
FIG. 3. 
The first guard period duration GP1, see equation (1), 

covering the effects of propagation delay between base sta 
tion and user equipment and the Switching time in the user 
equipment from receive mode to a transmit mode can be 
determined from base station (eNB) coordinates or from 
maximum timing advancement commands, which determine 
the maximum cell size. 
The second guard period duration GP2, see equation (2), 

shall cover the effect of inter base station interference (eNB 
eNB interference) between downlink and uplink frames/sub 
frames. These frames are called DwPTS and UpPTS in LTE. 
To optimally determine the second guard period, the inter 
base station interference is measured. For the measurement, it 
is favorable that a typical operating point (e.g., operating 
point at a typical network load) is created or actually present 
in the cellular wireless communication system. 

In FIG. 4 two different kinds of signals which are received 
by a base station (eNB) between downlink and uplink frames 
are depicted. Curve 41 results from base station (eNB) trans 
missions during a downlink frame, i.e. the downlink frame 
preceding the guard period during which the measurement 
takes place. This curve is degrading either continuously, e.g. 
when non-line-of-sight (NLOS) situations are dominant or 
step-wise when strong line of sight components are present. 
Curve 42 results from signals from user equipment (UES) 
scheduled in the uplink subframe following the guard period 
under consideration. This curve 42 is increasing once the UES 
start transmitting. 

In order to measure direct inter base station interference 
(eNB-eNB interference) at a typical operating point a certain 
networkload can be configured. Hence, a network wide coor 
dinated downlink frame with a certain load is configured to 
create a well-defined interference situation in the network. In 
order to model the worst case scenario, all base station (eNBs) 
will transmit with full power. In practice, a typical or average 
load of, for example, around 60% seems to be more reason 
able. It might be reasonable to configure such measurements 
localized in certain regions of the network instead of in the 
entire network. 

User equipment signals potentially disturb the measure 
ments, as can be seen from FIG. 4. This interference can be 
avoided, when the UEs are muted during the measurement 
interval. Hence, a network wide coordinated empty uplink 



US 9,357,556 B2 
7 

frame without any UE traffic can be configured to allow for 
disturbance-free measurements. UE traffic contains sched 
uled data, e.g. PUSCH (Physical Uplink Shared Channel), as 
well as control messages, e.g. PUCCH (Physical Uplink Con 
trol channel), RACH (Random Access Channel), SRS 
(Sounding Reference Signal), etc. In LTE Release 8, the 
UpPTS contains SRS and RACH only. Furthermore, the 
empty UL Subframe improves the measurement in an 
extended duration of the measurement interval, which is 
longer than the actually used guard period. 

Measurements usually start at predefined points in time. 
One choice of such point would be to start eNB (eNodeB) 
measurements a pre-defined time period after the end time of 
the downlink subframe. The pre-defined time can be the 
maximum switching time for base stations (eNBs) from 
transmit mode to receive mode (Tx-RX) which is 17 us in 
LTE, see 3GPP TS 36.104. The maximum switching time 
allows Tx-RX switching at the base station. The timing of the 
downlink subframe (e.g. DwPTS size), which is known to the 
system, could be used to combine measurements of different 
eNBs with potentially different start times. The timing accu 
racy of synchronized TDD networks could be considered as 
well. 

FIG. 5 shows base station interference (eNB interference) 
as function of time. After the base stations are configured in 
the above discussed way, the direct eNB-eNB interference is 
measured by each eNB. The measurement result is depicted 
as curve 51 in FIG. 5. 
An interference level is acceptable if it is below a certain 

threshold, which is, for example, set in a way that signal 
quality degradation due to interference is below a certain 
level. By using the measurement, i.e. curve 51, from the 
acceptable interference level 1 the corresponding guard 
period duration GP can be obtained, see FIG. 5. Measure 
ments could be based on total received energy. The measure 
ments can be based on training sequences transmitted by 
eNBS. Regular training signals (reference signals) can be 
used as well, which may also identify the transmitting eNB. 
The interference can also be measured without using artificial 
interference signals. 

If the measurements are performed using artificial interfer 
ence signals, downlink subframes and uplink subframes may 
not be usable for payload data transmission which serve user 
equipments (UES). To reduce this impact, measurements can 
be performed during low-load situations in the network, e.g. 
during the night. Alternatively, the interference signal gener 
ated by base stations could be composed of useful signals, 
Such as payload data or control signalling. In that case only 
one uplink subframe cannot be used. A mixture of useful and 
artificial interference signals is also possible. 

Either the entire measurement (curve 51) or the GP dura 
tion GP may be sent to a network management entity, for 
example an Operating Support System (OSS). The manage 
mententity then chooses the optimal guard period on the basis 
of GP1 and GP, wherein GP1 covers the effects of propa 
gation delay between base stations and user equipment and 
the Switching from receive to transmit mode of the user equip 
ment and GP covers the effect of inter base station inter 
ference. 
The optimal guard period GP covering all effects can be 

determined from the GP1 as well as from the maximum guard 
period of the multiple guard periods GP as reported by 
multiple eNBs: 

oft (3) 

In LTE the duration of the sum of the guard period duration 
between the downlink frame and the uplink frame and the 
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8 
guard period duration between the uplink frame and the 
downlink frame shall be an integer multiple of an OFDM 
symbol duration. 
The described method can also be carried out if the mea 

Surement results are not collected at a central management 
entity, Such as an Operating Support System, but if they are 
locally exchanged between base stations in a distributed man 
ner. In this case, the optimal guard period GP, is calculated 
by each base station. 
The base stations are then (re-)configured with the optimal 

guard period GP. The guard period GP, can be identical 
in the entire network or can be different from base station to 
base station or from a Sub-region of the network to another 
Sub-region of the network. A Sub-region may comprise mul 
tiple base stations. 
When the duration of the guard period is modified either 

the duration of the uplink frame or the duration of the down 
link frame or both are to be changed. In case offixed start time 
and fixed end time of a frame structure comprising downlink 
frame, guard period and uplink frame, the duration of the 
downlink frame can be altered by altering the end time of the 
downlink frame and the uplink frame duration can be altered 
by changing the start time of the uplink frame. 

If the duration of the downlink subframe, e.g. DwPTS, is 
changed the eNB-eNB interference situation changes and 
thus new measurements are reasonable. However, ping-pong 
situations, in which the downlink subframe duration is 
enlarged due to a first measurement, reduced due to a second 
measurement, enlarged due to a third measurement and so on 
are to be avoided. Basically continued increase and decrease 
of the downlink subframe duration should be avoided, for 
example by allowing to change the downlink subframe dura 
tion during the described kind of re-measurements for a cer 
tain number of times, for example only one or two times. 
The extra measurement due to alteration of the downlink 

subframe duration or of the end time of the downlink sub 
frame is not necessary if only the uplink subframe duration or 
the start time of the uplink subframe is modified. 
The described method allows optimally configuring the 

guard period in TDD networks. The algorithm can be auto 
mated leading to self-optimizing TDD networks. With opti 
mized guard period durations, network capacity can be maxi 
mized and network disturbance can be minimized. 

In a further aspect, it may be allowed to adjust the guard 
period at each base station individually. This further degree of 
freedom can be exploited to further improve the efficient 
usage of network resources. 

FIG. 6 shows special subframe configurations in LTE 
TDD. The special subframe is used to provide a guard period 
for a switch from a downlink to an uplink. The special sub 
frame comprises three fields, a downlink field (which is called 
Downlink Pilot Time Slot, DwPTS, in LTE TDD), a guard 
period, and an uplink frame (which is called Uplink Pilot 
Time Slot, UpPTS, in LTETDD). In LTETDD each special 
subframe consists of 14 OFDM (Orthogonal Frequency Divi 
sion Multiplexing) symbols. For example, in FIG. 6, a special 
Subframe 61 comprises a downlink frame 62, a guard period 
63, and an uplink frame 64. The downlink frame comprises 3 
OFDM symbols, the guard period 63 comprises 10 OFDM 
symbols and the uplink frame 64 comprises 1 OFDM symbol. 
A special subframe 65 comprises a downlink frame 66 made 
of 11 OFDM symbols, a guard period 67 made of 1 OFDM 
symbol and an uplink frame made of 2 OFDM symbols. 
Further examples of special subframe configurations are also 
shown in FIG. 6. Note that in dependence of the selected 
special subframe both the size of the guard period and its 
position within the special subframe can be altered, i.e. both 
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the downlink frame end time and the uplink frame start time 
with respect to the special subframe can be different from one 
special subframe to another special subframe. In FIG. 6, the 
time boundaries between the different fields are set with 
respect to an integer number of OFDM symbols, however 5 
time boundaries in a special subframe can generally be set at 
every time instance. The configurations of special Subframes 
as depicted in FIG. 6 are supported by LTE TDD. 
As discussed above, the guard period GP (see equation 

1) can, for example, be determined from base station coordi 
nates or from maximum timing advancement commands, 
which determines the maximum cell size. With respect to the 
special subframe structure presented in FIG. 6 a further task is 
to decide the sizes (or durations) of the guard period, of the 
downlink frame and of the uplink frame such that inter base 
station interference is kept below an acceptable level. The 
configuration of the special subframe can be defined by the 
number of OFDM symbols assigned to each of the named 
frames. Generally, there is a frame comprising a downlink 20 
frame, a guard period, and an uplink frame. The boundary 
between the downlink frame and the guard period is defined 
by the downlink frame end time. This time can be defined 
with respect to a frame, e.g. the downlink frame end time is 
the time from the beginning of the frame until the downlink 25 
frame (as part of the frame) ends. This time can be identical 
for several frames. Correspondingly, the boundary between 
the guard period and the uplink frame is defined as uplink 
frame start time, which may also be given with respect to the 
overall frame or special frame. The uplink frame start time 30 
and the downlink frame end time can be defined by an integer 
number of OFDM symbols, respectively. 
The downlink frame end time and the uplink frame start 

time which together define the duration and the position of a 
guard period can be set or adjusted separately at every base 35 
station belonging to a cellular wireless communication sys 
tem. Alternatively both parameters can be set in an identical 
way at every base station belonging to the cellular wireless 
communication network or at least to a region of it. The 
downlink frame end time and the uplink frame start time shall 40 
be set at every base station in a way that the time resource of 
the network is efficiently used and that inter base station 
interference is kept below an acceptable level, i.e. the named 
parameters are to be set in an optimal way. TDD Systems are 
generally designed to be synchronized, i.e. the start time and 45 
end time of a frame structure, and also the start and end time 
of the special subframe are aligned to each other overall base 
stations belonging to the network. However, different base 
stations may show different special Subframe configuration. 

Inter base station interference is further discussed with 50 
respect to FIG. 7. This figure shows an exemplary interfer 
ence situation with respect to the special subframes of three 
different base stations A, B, and C. 

Inter base station interference occurs when, for example, a 
downlink transmission 71 of the base station Carrives at the 55 
base station Aata time when base station A intends to receive 
uplink transmissions from user equipment assigned to base 
station A, i.e. during uplink frame 72. 
Whether a potentially interfering base station, e.g. base 

station C, interferes with a potentially suffering base station, 60 
e.g. base station A, depends on the following factors: the size 
of the downlink frame of the interfering base stations (which 
can be denoted as an integer number N of OFDM symbols), 
the size of the uplink frame of the suffering base station 
(which can be denoted as an integer number N of OFDM 65 
symbols), and the propagation delay (denoted by T) between 
the interfering base station and the Suffering base station. 
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The interference also depends on the synchronization 

accuracy of base stations, which is by nature not perfect due 
to hardware limitations or due to an intentional asynchronous 
configuration. Possible synchronization errors or synchroni 
zation effects are not explicitly considered by the following 
equations. 
The above discussed inter base station interference occurs, 

if the propagation delay 

T-(N-N-N.) Torpy-T2. (4) 
where N, is the total number of OFDM symbols (which is 14 
in LTE TDD in case of normal cyclic prefix) per special 
Subframe. To denotes the time duration of one OFDM 
symbol (which is around 71.4 us in LTE TDD for normal 
cyclic prefix), and T denotes the Switching time at the base 
station from uplink to downlink (which is, for example, 
around 20 LS). The value T accounts for a Switch from 
uplink to downlink which may also be performed at the base 
station. 
With respect to the above criterion (inequality 4), in FIG.7. 

the base station B does not interfere with base station A, i.e. 
the downlink transmissions 73 of base station B does not 
interfere with the uplink transmission frame 72 of base station 
A; however base station C interferes with base station A. The 
transmissions from user equipment to base station A, Sched 
uled in the uplink frame 72 may be severely impaired due to 
the interference of downlink frame 71 of base station C. 

In order to reduce risk of having Such inter base station 
interference between two base stations, e.g. base station A 
and C, the number N of OFDM symbols in the special 
subframe at the suffering base station can be reduced and/or 
the number N of OFDM symbols in the special subframe of 
the interfering base station can be reduced. The propagation 
delay Tibetween the two base stations is assumed to be fixed. 

Although, in FIG. 7, base station C interferes with base 
station A, the caused interference level may also be at an 
acceptable level. For example, when the base station C is very 
faraway from base station A, the interference received at base 
station A might be below an acceptable interference level. 
With respect to LTE TDD, a special subframe of a certain 

base station, i.e. the DwPTS size N and the UpPTS size N. 
shall be configured in an optimal way. Subsequently a pre 
ferred method for automatic special subframe configuration 
which is based on measurements of interference of interfering 
base stations at a specific Suffering base station is proposed. 
The method comprises the following steps. 

Step 1: In a first step, a base station i temporarily shuts 
down its downlink transmissions. The base station i Synchro 
nizes its receiver to the downlink signal of an interfering base 
station by detecting the synchronization signals PSS (Pri 
mary Synchronization Signal) and SSS (Secondary Synchro 
nization Signal) of the interfering base station. 

If the downlink transmission of base station i is not shut 
down, detection of the interfering base station's signal may be 
difficult due to the strong transmission power of the downlink 
transmission. Shutting down a base stationi might be particu 
larly reasonable during night or low load situations. Such a 
time definition for a shutdown is also reasonable in view of 
energy efficiency. 

Step 2: In a second step, timing of an interfering base 
station j is acquired by tracking its respective PSS and SSS. 
Additionally, a corresponding cell-identification ID, of the 
interfering base station j is acquired. Then a propagation 
delay Tp, between the interfering base stationj and the (mea 
Suring) base station i is obtained. 

Step 3: In a third step a power level of a received reference 
signal (RS) of the interfering base station j is measured and 
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the RS power level is compared with an acceptable interfer 
ence level 1 ok at base station i. 
The potential interference level caused by the interfering 

base station j can be predicted based on the measured RS 
power level and on a target load level of the network. For 
example, 70% resource utilization can be reasonably 
assumed. Further, a potential RS power boost can be consid 
ered. Then, the actual interference caused by payload data 
symbols will be smaller than the measured power level of 
reference signals (RSS). 
The acceptable interference level 1 ok depends also on the 

total number of potentially interfering base stations. For 
example, it could be acceptable to have a few strong interfer 
ing base stations or alternatively to have many weak interfer 
ing base stations. 
The measured RS power of the received reference signal 

transmitted by the interfering base station j may be smaller 
than 1 ok, which means that base station j will not cause 
serious interference to the measuring base stationi. LeteNB 
be the set of Such base stations, which do not cause serious 
interference at base station i. 
On the other hand the interfering base station j may cause 

serious interference to the measuring base station i if the 
measured interference of base station is above (or equal to) 
1 ok, which indicates that the DwPTS transmit signal of the 
interfering base station j interferes with the UpPTS receive 
signal of the measuring base stationi. Let eNB, be the set of 
the base stations, which cause serious interference at base 
station i. 

Step 4: In step 4, the measurement according to step 1 to 
step 3 are performed for multiple interfering base stations and 
thus the sets eNB and eNB, are filled. 

Step 5: In step 5, the base stationi informs the base stations 
belonging to the set eNB, about a respective maximum 
DwPTS size which assures that the transmissions of the 
respective base stations in the set eNB, do not interfere with 
the UpPTS part of the measuring base stationi. That is, based 
on inequality (4), the maximum number N, of OFDM 
symbols in the DwpTS frame of the interfering base station 
in eNB, should not exceed 

Nainas V-Ni-(Tit-T2a)/TOFDM, fif (5) 

wherein T, denotes the propagation delay between the inter 
fering base station and the measuring base station i and N, 
denotes the number of OFDM symbols in the uplink frame 
UpPST of base station i. The integer number N is deter 
mined according to step 6. 

Step 6: In step 6, base station i select its own UpPTS size 
N, based on, for example, a received interference leveland/or 
on whether SRS (Sounding Reference Signal) and/or short 
PRACH (Physical Random Access Channel) is needed. Once 
the parameter N is determined, the number N, can be 
calculated from inequality (5) for all base stations in the set 
eNB. The respective numbers N., are sent from base 
station i to each base station in eNB. This signalling 
exchange can be performed directly between base stations, 
for example, via the X2 interface, or can be centrally con 
trolled, for example, by the Operation and Support System 
(OSS), which acts as a network management entity. 

Step 7: In step 7, it is specified that multiple or all base 
stations of a network execute the above steps. When one base 
station is measuring signals from other base stations, the other 
base stations should be transmitting their respective reference 
signal. Which base station is currently measuring and which 
one is currently transmitting its reference signal can be deter 
mined by base stations according to a predefined pattern or 
can also be determined by a central OSS. 
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Step 8: Having performed the steps 1 to 6 for multiple or all 

base stations of a network, as described in step 7, each of the 
base stations may have received multiple proposals of maxi 
mum DwPTS sizes N., a from the multiple measuring base 
stations. Each base station k then selects its number N 
according to the following, wherein N denotes the number 
of OFDM symbols in the downlink frame of the special frame 
of base station k: 

Assume base station k receives multiple values N. . 
(proposed maximum number of OFDM symbols in downlink 
frame of special frame of base station k, number proposed by 
base station i) from base stations i, which belong to a set 
eNB . The set eNB, contains the base stations 
which have sent a proposal of a maximum DwPTS size to 
base station k. Base station k then determines the number of 
OFDM symbols in the downlink frame of the special sub 
frame, Ni according to 

Nik na = mini min 
ieeWB inform k (Ndika), N - Nik - Gril) (6) 

wherein N, denotes the total number of OFDM symbols per 
special subframe (this number equals 14 in LTETDD in case 
of normal cyclic prefix), N denotes the number of OFDM 
symbols in UpPTS at base stationkas calculated in step 6, and 
GP, is the limitation for a guard period of base station k 
calculated according to equation (1). 
N is the maximum in all feasible DwPTS size that is 

Smaller than N. . 
The method is also illustrated in the flow chart as depicted 

in FIG.8. In step S1, each base station (eNB) calculates the 
respective guard period GP according to equation (1). 
Then, one particularly base station i shuts down its downlink 
transmissions (step S2), gets timing information of one par 
ticular interfering base station (step S3), and measures the 
power of the received reference signal (RS) transmitted by the 
particular interfering base station (step S4). The steps S2 to 
S4 are re-done for the other interfering base stations (steps S5 
and S6). After the respective reference signals of all interfer 
ing base stations have been measured, the base stationi deter 
mines the number of OFDM symbols N in the uplink frame 
of its special frame and informs the base stations belonging to 
the set eNB, (the set of base stations, which cause interfer 
ence above a threshold at base station i) of the respective 
maximum number N, of OFDM symbols in the down 
link frame of the special subframe of the respective interfer 
ing base station j. The numbers N, are determined 
according to equation (5) (step S7). The steps S2 to S7 are 
re-done for every base station of the network (steps S8 and 
S9). When all base stations have finished their measurements, 
each base station can determine its number of OFDM sym 
bols N in the downlink frame of its special subframe (step 
S10). 

FIG. 9 shows a flow chart of a method to adjust at a base 
station of a cellular wireless communication networka down 
link frame end time and an uplink frame start time. The 
method is carried out at the base station. The base stations of 
the wireless network use a frame structure comprising a 
downlink frame, a guard period and an uplink frame. The 
boundary between the downlink frame and the guard period is 
defined by the downlink frame end time, the boundary 
between the guard period and the uplink frame is defined by 
the uplink frame start time. The method comprises the steps: 
measuring interference from at least one interfering base 
station (step S20); adjusting the uplink frame start time in 
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dependence on the measured interference (step S21); receiv 
ing at least one downlink frame end time proposal (step S22); 
and adjusting the downlink frame end time in dependence of 
the at least one downlink frame end time proposal (step S23). 

Here, the position and duration of the guard period is 
adjusted by adjusting both, the start time of the uplink frame 
and the end time of the downlink frame. When the method 
comprises steps S20 and S21 (without steps S22 and S23) the 
duration of the guard period is adjusted by adjusting the 
uplink frame start time. When the method comprises the steps 
S22 and S23 (without steps S20 and S21) the duration of the 
guard period is adjusted by adjusting the downlink frame end 
time. Generally, each base station in a network can set its 
guard period differently and individually. The method may 
also be adapted to transmit a downlink frame end time pro 
posal for the interfering base stations. 
The interference may be measured for each interfering 

base station individually. Once the guard period within the 
frame structure is adjusted, Subsequent communications shall 
use the adjusted frame structure. An adjustment of the guard 
period/frame structure causes at least one Subsequent frame 
to be transmitted in accordance with the adjusted frame struc 
ture. 

The downlink frame end time proposal is usually received 
from other measuring base stations, which propose downlink 
frame end times for the base station, such that the other 
measuring base stations do not suffer from interference 
caused by downlink transmissions of the base station. The 
interference is usually measured individually for each of the 
interfering base stations. By adjusting the uplink frame start 
time at the base station the disturbing influence of interfer 
ence at the base station can be decreased. By adjusting the 
downlink frame end time at the base station, the interference 
caused by the base station at other base stations can be 
decreased. 
The method may further comprise the steps: determining a 

propagation delay between the base station and the interfer 
ing base station; determining a downlink frame end time 
proposal for the interfering base station in dependence on the 
uplink frame start time and the propagation delay; and 
informing the interfering base station of the downlink frame 
end time proposal, if the measured interference from the 
interfering base station is above a threshold. 
The downlink frame end time proposal is chosen Such that 

the interfering base station receiving the proposal will not 
cause interbase station interference above an acceptable limit 
for the base station transmitting the proposal. The interfering 
base station is preferably only informed, if it causes interfer 
ence above an acceptable level. 
The method may further comprise the step of acquiring 

timing information and an identifier of the interfering base 
station, wherein the propagation delay is determined in 
dependence on the timing information and with reference to 
the identifier. The propagation delay is determined individu 
ally for each interfering base station. 
The method may further comprise the step of receiving a 

first reference signal of the interfering base station, wherein 
the interference measurement is based on the first reference 
signal. The reference signal can be unique for each base 
station Such that it can be used for identifying the respective 
interfering base station. The reference signal can further be 
chosen such that it defines a certain load of the respective 
interfering base station. 
The method may further comprise the step of transmitting 

a second reference signal used for interference measurement. 
The second reference signal is intended to be used by other 
base stations for measuring interference. It may be selected 
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according to a wanted or specified networkload or load at the 
base station. It may also identify the base station. 
The method may further comprises the step of determining 

a guard period in dependence on at least one of a second 
propagation delay, a cell size, a base station coordinate, and a 
Switching time, wherein the downlink frame end time is also 
adjusted in dependence on the determined guard period and 
the determined uplink start time. 
The second propagation delay describes the propagation 

delay between the base station and user equipment served by 
the base station. The cell size is the size of the cell served by 
the base station. The Switching time comprises the time 
required for by a UE to switch from a receive mode (down 
link) to a transmit mode (uplink). 

Furthermore, in the above methods, at least one of the 
downlink frame end time, the uplink frame start time, the 
downlink frame end time proposal and the guard period may 
be defined by a specific integer number of OFDM symbols. 
Defining the mentioned parameters by an integer number of 
OFDM symbols results in computational efficient execution 
of the described methods and reduces required signaling 
overhead. 

Furthermore, in the above methods, the uplink frame start 
time and the downlink frame end time can be adjusted by 
using a configuration frame of the frame structure. The con 
figuration frame comprises a number of OFDM symbols, 
from which a configurable first fraction belongs to the down 
link frame and a configurable second fraction belongs to the 
uplink frame. Such a configuration frame may be a special 
Subframe as discussed. 

Optionally, the method is carried out, only if a load of the 
cellular wireless communication system is below a load 
threshold. The described training methods shall preferably be 
executed during low load situations, e.g. during night time. 
The method may further comprise the step of receiving an 

initialization from a predefined pattern or from a network 
management entity or from the interfering base station to 
execute the method. The initialization may be used to give a 
base station of a network the information, when it has to 
perform the steps such as sending a reference signal, shutting 
down during a downlink frame, and measuring interference or 
reference signals. By using the initialization, the methods can 
be reasonably coordinated for multiple base stations in a 
network. 
The described methods may run in several base stations of 

a network in a coordinated way. Thereby the basic concept is 
to predict potential inter base station interference at the (mea 
Suring) base station individually for each interfering base 
station. This is done, for example, by measuring for each base 
station the specific reference signals (and/or synchronization 
signals) of the interfering base stations, estimating the chan 
nel conditions such as pathloss and propagation delay and by 
predicting the level of inter base station interference from the 
interfering base station based on a target network load. The 
(measuring) base station sets a downlink frame end time and 
an uplink frame start time to configure a frame structure 
comprising downlink frame, guard period, uplink frame at the 
(measuring) base station based on measurement results. It 
also influences the downlink frame end time of interfering 
base stations by sending downlink end time proposals to 
them. On the other side the base station will receive proposals 
which it can use to determine the own downlink end time. 

In this way the downlink frame end time and the uplink 
frame start time is individually and automatically set at each 
base station in an optimal way, i.e. by decreasing the impact of 
inter base station interference while still efficiently using the 
time resource. 
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Carrying out the method in several base stations to sepa 
rately adjust the uplink frame start time and the downlink 
frame end time at each of the several base stations may be 
coordinated by a network management unit, Such as an OSS. 

FIG. 10 shows a base station 100 according to one embodi 
ment. The base station 100 comprises: measuring equipment 
101 for measuring interference, an adjuster 102 for adjusting 
an uplink frame start time, a receiver 103 for receiving at least 
one downlink frame end time proposal, and an adjuster 104 
for adjusting a downlink frame end time. The base station 
may optionally further comprise at least one of a controller 
105 for determining a propagation delay, a controller 106 for 
determining a downlink frame end time proposal, a transmit 
ter 107 for informing another base station of the downlink 
frame end time proposal, an controller 108 for acquiring 
timing information and an identifier, a receiver 109 for receiv 
ing a first reference signal, a transmitter 110 for transmitting 
a second reference signal, a controller 111 for determining a 
guard period. 
The receiver 103 and/or 109 forward the received informa 

tion to a processing unit 112, in which the elements 101,102. 
104,105,106,108, and 111 may be implemented inhardware 
or software. After the corresponding processing, respective 
signals are forwarded to the transmitter 107 and/or 110. 

It is to be understood that base stations/eNBs can be all 
kinds of base stations/eNBs, such as macro-, pico-, femto-, or 
home base stations/eNBs. Furthermore, as relay nodes also 
serve their own cells, they are considered to be a base station/ 
eNB within the scope of this invention disclosure. 

What is claimed is: 
1. A method for adjusting a guard period in a base station 

for a cellular wireless communication system, the base station 
adapted to communicate in a frame structure comprising a 
downlink frame followed by the guard period followed by an 
uplink frame, the method comprising: 

receiving a first reference signal of an interfering base 
station; 

measuring interference in dependence on time from the 
interfering base station, wherein the measuring interfer 
ence comprises measuring interference based on the first 
reference signal; and 

adjusting an uplink frame start time within the frame struc 
ture based on the measured interference in response to a 
load of the cellular wireless communication system 
being below a load threshold. 

2. The method of claim 1, further comprising: 
receiving at least one downlink frame end time proposal for 

the base station; and 
adjusting a downlink frame end time within the frame 

structure based on the at least one downlink frame end 
time proposal. 

3. The method of claim 1, further comprising: 
determining a propagation delay between the base station 

and the interfering base station; 
determining a downlink frame end time proposal for the 

interfering base station based on the uplink frame start 
time and the propagation delay; and 

informing the interfering base station of the downlink 
frame end time proposal. 

4. The method of claim3, wherein the informing the inter 
fering base station comprises informing the interfering base 
station if the measured interference from the interfering base 
station is above a threshold. 

5. The method of claim 1, further comprising transmitting 
a second reference signal for interference measurement. 
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6. The method of claim 1: 
further comprising determining a guard period based on at 

least one of: 
a second propagation delay; 
a cell size; 
a base station coordinate; and 
a Switching time; 

further comprising adjusting a downlink frame end time 
based on the determined guard period and the adjusted 
uplink frame start time; 

wherein the uplink frame start time and the downlink frame 
end time are adjusted by using a configuration frame 
within the frame structure. 

7. The method of claim 1, wherein the uplink frame start 
time is defined by an integer number of OFDM symbols. 

8. The method of claim 1, further comprising receiving an 
initialization to execute the method from: 

a predefined pattern; or 
a network management entity; or 
the interfering base station. 
9. A method for operating a network management entity 

and for adjusting guard periods individually for a plurality of 
base stations in a cellular wireless communication system, the 
base stations configured to communicate in respective frame 
structures comprising a downlink frame followed by the 
guard period followed by an uplink frame, the method com 
prising: 

coordinating execution of an adjusting method for the plu 
rality of base stations, the adjusting method comprising, 
for a given base station: 
receiving a first reference signal of an interfering base 

station; 
measuring interference in dependence on time from the 

interfering base station, wherein the measuring inter 
ference comprises measuring interference based on 
the first reference signal; and 

adjusting an uplink frame start time within the frame 
structure based on the measured interference in 
response to a load of the cellular wireless communi 
cation system being below a load threshold. 

10. The method of claim 9, wherein the method further 
comprises at least one of: 

receiving downlink frame end time proposals for the plu 
rality of base stations; 

receiving interference measurement results for the plural 
ity of base stations; 

receiving uplink frame start times for the plurality of base 
stations; 

receiving guard period durations for the plurality of base 
stations; and 

adjusting downlink frame end times for the plurality of 
base stations based on at least one of 
the downlink frame end time proposals; 
the interference measurement results; 
the uplink frame start times; 
the guard period durations. 

11. A base station for a cellular wireless communication 
system, the base station configured to adjust a guard period at 
the base station and to communicate in a frame structure 
comprising a downlink frame followed by the guard period 
followed by an uplink frame, the base station comprising: 

a receiver configured to receive a first reference signal of an 
interfering base station; 

one or more processing circuits operatively connected to 
the receiver and configured to: 
measure interference in dependence on time from the 

interfering base station, wherein the measuring inter 
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ference comprises measuring interference based on 
the first reference signal; and 

adjust an uplink frame start time within the frame struc 
ture based on the measured interference in response to 
a load of the cellular wireless communication system 
being below a load threshold. 

12. The base station of claim 11: 
wherein the receiver is configured to receive at least one 

downlink frame end time proposal for the base station: 
wherein the one or more processing circuits are configured 

to adjust a downlink frame end time based on the at least 
one downlink frame end time proposal. 

13. The base station of claim 11: 
wherein the one or more processing circuits are configured 

to: 

determine a propagation delay between the base station 
and the interfering base station: 

determine a downlink frame end time proposal for the 
interfering base station based on the uplink frame start 
time and the propagation delay; 

further comprising a transmitter configured to inform the 
interfering base station of the downlink frame end time 
proposal. 

14. The base station of claim 13, wherein the transmitter is 
configured to inform the interfering base station of the down 
link frame end time proposal in response to the measured 
interference from the interfering base station being above a 
threshold. 

15. The base station of claim 11, further comprising a 
transmitter configured to transmit a second reference signal 
for interference measurement. 

16. The base station of claim 11, wherein the one or more 
processing circuits are configured to: 

determine a guard period based on at least one of: 
a second propagation delay: 
a cell size; 
a base station coordinate; and 
a Switching time, 

adjust a downlink frame end time based on the determined 
guard period and the adjusted uplink frame start time. 

17. The base station of claim 16, wherein the guard period 
is defined by an integer number of OFDM symbols. 

18. The base station of claim 16, wherein the one or more 
processing circuits are configured to adjust the uplink frame 
start time and the downlink frame end time by using a con 
figuration frame within the frame structure. 

19. A network management entity for a cellular wireless 
communication system, the network management entity 
comprising: 

one or more processing circuits configured to: 
manage an individual adjustment of guard periods for a 

plurality of base stations in the cellular wireless com 
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18 
munication system, the base stations adapted to com 
municate in respective frame structures comprising a 
downlink frame followed by the guard period fol 
lowed by an uplink frame: 

coordinate execution of an adjusting method for the 
plurality of base stations, the adjusting method com 
prising, for a given base station: 
receiving a first reference signal of an interfering base 

station; 
measuring interference in dependence on time from 

the interfering base station, wherein the measuring 
interference comprises measuring interference 
based on the first reference signal; and 

adjusting an uplink frame start time within the frame 
structure based on the measured interference in 
response to load of the cellular wireless communi 
cation system being below a load threshold. 

20. The network management entity of claim 19: 
wherein the receiver is configured to receive at least one of: 

downlink frame end time proposals for the plurality of 
base stations; 

interference measurement results for the plurality of 
base stations; 

uplink frame start times for the plurality of base stations; 
guard period durations for the plurality of base stations: 
and 

wherein the one or more processing circuits are configured 
to adjust downlink frame end times for the plurality of 
base stations based on at least one of: 
the downlink frame end time proposals; 
the interference measurement results: 
the uplink frame start times; and 
the guard period durations. 

21. A computer program product stored in a non-transitory 
computer readable medium for adjusting a guard period in a 
base station for a cellular wireless communication system, the 
base station configured to communicate in a frame structure 
comprising a downlink frame followed by the guard period 
followed by an uplink frame, the base station having a 
receiver configured to receive a first reference signal of an 
interfering base station, the computer program product com 
prising software instructions which, when run on one or pro 
cessing circuits of the base station, causes the base station to: 

measure interference independence on time from the inter 
fering base station, wherein the measuring interference 
comprises measuring interference based on the first ref 
erence signal; and 

adjust an uplink frame start time within the frame structure 
based on the measured interference in response to a load 
of the cellular wireless communication system being 
below a load threshold. 


